UNCLASSIFIED 


AD  NUMBER 


AD841612 


NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


FROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors; 
Administrative/Operational  Use;  JUL  1968. 
Other  requests  shall  be  referred  to 
Commanding  Officer,  Fort  Detrick,  Attn: 
SMUFD-AE-T ,  Frederick,  MD  21701. 


AUTHORITY 


Biological  Defense  Research  Lab  ltr  dtd  13 
Sep  1971 


THIS  PAGE  IS  UNCLASSIFIED 


AD84161 2 


TRANSLATION  NO. 


DDC  AVAILABILITY  NOTICE 

This  document  is  subject  to  special  export 
controls  and  each  transmittal  to  foreign 
governments  or  foreign  nationals  may  be 
made  only  with  prior  approval  of  Commanding 
Officer,  Port  Detrick,  ATTN:  SMUFD-AE-T, 

Frederick,  Md.  21701. 

'P  n  r 

ranr-  ■  ' 

t  •  ' 

OCT  241968 
UiilSlSibO  U'  i. 


DEPARTMENT  OF  THE  ARMY 
Fort  Detrick 
Frederick,  Maryland 


On  lung  deposits,  through  breathing,  of  small  particle 3 
suspended  in  the  air** 


W*  Flndeisen,  Kunioh 
with  ft  Illustrations 

(entered  27  June  1935) 


The  following  work*  by  means  of  lengthy  calculations  based  on  schematised 
hypotheses,  glee  the  aerosol  (smoko,  fog)  particle  percentage  filter¬ 
ed  out  during  passage  through  the  human  lung  at  various  stages  of  the 
bronchial  tree*  The  filtering  stems  from  the  fact  that  the  particles 
are  subjeoted  to  four  forces,  th;be  discussed  later,  until  deposited  oa 
the  walls  of  the  bronchi  end  bronchioli  and  alveoli  attached  thore. 

The  ala  of  the  calculations  discussed  hore  is  to  solve  tho  problem  of 
lung  inhalation,  if  only  superficially,  at  least  on  a  quantitatively 
basis*  On  the  basis  of  the  caliiul&tion  results,  one  should  be  able 
to  discover  what  site  aerosol  particles  must  be  so  as  to  bo  intontionally 
depositod  in  large  numbers  at  certain  places  in  the  lungs  and  there 
to  be  set  to  work*  This  question  could  bo  of  great  medical  importance. 

1*  Flan  of  the  branchial  tree  and  of  breathing 

So  as  to  be  able  to  handle  quantitatively,  the  flowing  process, 
which  take  place  in  the  human  lung  because  of  respiration,  it_io 
necessary  to  adopt  a  simplified  plan  of  tho  bronchial  tree.  Ahe  plan 
is  presented  in  table  Z  (The  scalar  numbers  are  partly  taken  from 
Sieglbausr) 

The  separate  parte  of  the  bronchial  tree  will  here  bo  labeled 
with  letters  A,B,C,  ©to*  It  is  assumod  that  the  bronchi  and  bronchioli 
aro  cylindrical  tubes,  whereas  the  alvoolar  sacculi  are  3phore3$  further) 
that  the  bronchi  and  bronchioli  in  the  same  manner  axe  at  equal  distance 
and  of  equal  length.  Supplementary,  simplifying  suppositions  will  be 
made  later,  on  the  bifurcations  and  forking  places  of  bronchi  and  bron¬ 
chioli.  As  the  rapidity  of  the  in  the  lung  tract  must  bo  given 

for  the  calculations,  the  respiratory  curve  shown  in  Figure  1,  which 
reflects  quiet  deep  breathing,  will  bo  adopted.  The  schematic  data 
results  in  the  str  am  velocities  and" Through  Stream  Timing"  in  sectional 
parts  of  the  lunge  os  presented  in  Table  I. 


4-  -  . . . .I...- . . 

hotoi  I  became  interested  in  this  work  during  my  activity  as  physicist 
at  tho  Institute  for  Air  Tr -vel  Medicine  and  Climactic  research  in 
Hamburg  (  bppondorier  Hospital)  during  the  years  1931-32.  For  tho 
suggestions  and  this  medical  advice  X  first  thank  the  Director,  Frof. 

Dr«  L*  B.rsuar,  and  Dr*  Zeplin* 
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It  is  assumed  that  tho  stream  vslocitioo  are  always  equal  iri  tho  en¬ 
tire  tube  cross  section*  on  the  basis  of  mathematical  simplification. 
This  fact  io  indeed  never  actually  fulfilled,  but  it  can  really  falsi# 
the  conclusions  arrived  at  below;  the  final  values  will  only  bo  a 
little  too  high* 

Tho  particles  suspended  in  the  air  are  brought  into  contact  with 
the  walls  of  the  lung  through  four  processes  indepondont  of  one 
another*  As  is  known  from  similar  processes,  every  contact  of  a 
particle  with  the  moist  walls  (mucous  membrane)  results  in  the  particles 
becoming  stuck*  The  four  processes  discussed  below  establish  the 
reasons  for  deposits  of  particles  in  the  lung  oyste* 

2*  The  processes  which  cause  deposits  of  particles  in  the  lung  system 

a)  Brownian  Movement 


A  particle  suspended  in  air  is  subject  to  uncontrolled  position 
changes  caused  by  molecular  movement*  Based  on  tho  kinetic  gas  theory, 
the  length  of  the  distance  in  which  a  particle  of  radius  rttia  tho 
middle"  is  displaced  in  time  t,  will  bet 


Xiij-.U'/o 


(The  formula  is  based  on  a  deduction  by  A*  -Einstein**,  to  which  was 
added  Millikan's  formula  on  air  current  particle  contents.)  The 
definition  "in  the  middle"  means  as  in  mathematical  statistics,  that  the 
movement  is  leso  than/. in  2/3  of  the  cases,  and  Treater  in  1/3.  Hoxt 
to  A  which  gives  the  displacement  of  tho  particles1  center,  the  im¬ 
portant  question  is,  what  tube  radius  is  nocesoary  for  a  particle  to 
travel  freely  through  a  tube  and  what  is  its  expansion.  The  area  in 
which  a  particle  of  radius  r  remains  in  its  entirety  during  time  t 
with  the  2/3  possibility,  is  Q, 

0  :a  /  r  (2 

called  the  "middle  field  limit"* 

Figure  2  gives  a  simple,  but  still  representative  picture  of  tho 
various  good  adaptations  of  particles  of  various  dimensions  penetrating 
from  narrow  tubes*  The  values  G  are  ■  presented  here  as  functions  of 
the  particle-radius  r  at  varying  times  t.  It  appears  that  tha  par¬ 
ticle  of  an  approximate  size  tm  10"^  cm  (  3*1 /<)  have  tho  lowest  G 
values,  and  therefore  seem  to  bo  able  to  pass  through  narrow  tubes 
most  easily.  However  the  important  processes  which  will  be  discussed 
later  under  and  c$  are  not  yet  being  considered  here. 


“’Einstein,  At  *&.  Phasik  17,549 


(1905);  19,  371  (1906) 
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(So#  Figure  2)  — 

On  th#  basis  of  th#  Gauasion  "error  integral'.!/! results  in: 


in  vhich  the  Value  )  s  2/3  is  given,  by  tho  probability  that  a 
particle  varies  to  a  distance  x  vhich  is  smaller  or  larger  than  • 
For  example  graphically  on  obtains,  that  with  a  proboWXVty  cl  0*37 
a  particle  is  subjected  to  a  6  id  place  rant  le3o  than  \  A,  thcroi'oro, 
that  37 %  of  all  particles  displace  thcmscivos  less  than  k  of-/  vfrom 
their  original. location;  the  probability  of  0*09-1  results  in  tho  same 
way  from  1/3  A  •  If  the  particles  under  consideration  always  re¬ 
mained  in  tho  center  of  the  tube  (Bronchi)  at  tho  beginning,  the  prob¬ 
ability  of  a  particle  deposit  on  the  tube  wall  could  already  be  given 
as  &  result  of  molecular  displacement*  It  must  still  bo  assumed  that 
tho  particles  are  located  at  any  point  in  tho  tube  cross-3cction,  and 
that  the  distance  from  each  particle  to  the  tube  wall  io  therefore 
different  According  to  different  directions* 

A  well  known  Theorem  in  analytical  geometry  stat03  that  the 
distanced  from  a  particle  (considering  tho  particle  center)  to  a  tube 
vail  is  measured  perpendicularly  to  tho  tube  axis* 

f  -  J  cf .  o.  a.  ±  A’  e  (4) 


where  <?  represents  the  particle  distance  from  the  tube  &xio  (eccentricity)# 
a  tho  tube  radius  and  A.(which  may  take  on  values  from  0  -  360°)  the 
considered  direction)  if  A  =  0,  J?  »  <q  -  S'  •  The  anticipated  prob¬ 
ability  of  a  particle  encountering  the  tube  vail  for  the  distance  of 
length  A  in  a  certain  direction,  may  bo  established  with  the  holp  of 
the  value /l  and  equation  (3)*  A  definite  aroa  aiuth  must  bo  supposed* 

Tho  probability  (P)  that  the  particle  comas  into  contact  with  any  one 
soction  of  the  tub#  vail  is  reached  through  deduction*  Generally  on 
arbitrary  original  particle  location  in  tho  tube  cross-section  is 
assumed,  as  given  i a/  ,  ^  a  -  As  -  iSrt> 

ifcc?  JsJD-  P(2)J  <'A  rJ<ft  (5) 

or-  6  S  O 

p 

where  z?  O.  bfy' or  better,  as  the  particlo3  own 
should  be  considered,  should  replace  it* 


s  H  d*  (o  S*'/ 


As  the  fi(z -)  (<T  equation  (3)  )  error-integral  is  not  analytically 

solvable,  equation.  (5)  nust  bo  solved  by  tho  dotailed  graphic  method* 


The  true  values  of  the  various  eeetions  of  the  Bronchial  Troc,  as 
given  in  Table  1,  are  to  replace  the  tube  radius  a  and  the  through 
Stream- tins  t  •  The  particle  *•  radius  r  will  vary  according  to 
the  dimensions  to  be  discus  sod* 

As  can  easily  be  seen,  the  sane  values  will  hold  true  for  tha 
spherical  aereols  as  for  tho  cylindrical  broach!  and  bronchi oil* 

The  calculations  and  graphic  evaluations  resulted  in  the  prob¬ 
ability  values  (given  in  per  eent)  listed  in  Table  2,  fop  suspended 
particle  deposits  in  single  lung  sections,  as  caused  by  tho  Brownian 
Movement.  Ac  soon  as  the  largo  partido  count  of  an  aerosol  is  con¬ 
sidered,  tho  "probabilities”  no  longer  have  the  significance  of  co¬ 
incidences,  but  present  reliable  percentage  rates.  Tho  tabic  gives 
the  particle  quantity  deposited  in  every  4ft  lung  section,  by  the 
percentage  of  the  total  quantity  which  enter  the  particular  lung  section 

«  " 

Table  2.  Deposit  of  suspended  particles  in  particular  lung  so ct Ions 
according  to  Brownian  Movement  (in  percentage) 


lung 


Sections  rCQ.03*  rz  O.^raO.^Lu 

to  Xu 

zvb  3  a 

Ta  10:, 

2«  30m. 

A 

0.12 

0.05 

0.02 

0.01 

o.ca 

0.01 

0.01 

B 

0.16 

0.06 

0.03 

0.02 

0.01 

0.01 

0.01 

C 

0.21 

0.03 

0.04 

0.07 

0.01 

0.01 

0.01 

0 

0.41 

0.16 

0.03 

0.04 

0.02 

0.01 

0.01 

£ 

0.77 

0.31 

0.15 

0.03 

0.04 

0.02 

0.01 

F 

4.54 

1.73 

0.34 

0.43 

0.24 

0.13 

0.07 

G 

4.40 

1.35 

0.3V 

0.45 

0.25 

0.14 

O.Ci 

U 

26.3 

10.4 

4.91 

2.43 

1.40 

0.76 

0.44 

I 

21.2 

3,4 

3.95 

2.00 

1.10 

0.59 

0.34 

The  deposits  by  molecular  movement  of  email  radius  particles  and  in 
small  areas  of  the  lung  tract,  therefore  a  relatively  greater  surface, 
wore  naturally  such  more  numerous.  The  molecular  movement  plays  an  un¬ 
important  role  in  cases  of  particles  with  a  large  radius* 

b)  Sedimentation 

During  penetration  of  the  lungarea,  the  suspended  particles  are 
subjected  to  sedimentation,  caused  b_.  vertical  movement  owing  to  earth 
acceleration,  which  also  causes  partido  deposits  cn  tho  walls  of  tho 
bronchi  and  bronchioli*  Tho  depositing  tlirough  sedimentation  also  de¬ 
pends  on  the  particle  fall  velocity ,  the  size  of  tho  bronchi  or  bren— 
chi oil,  tho  time  during  which  the  fall  continues  (“through  stroauing 
time'-5),  the  direction  in  which  the  bronchi  or  broncdoli  run  paralill 
to  the  horizontals*  The  greater  the  tendejw-to  the  horizontals  tho 
lea3  noticeable  is  ids©  influence  of  sedimentation.  The  sedimentation 


in  ail  bponehi  and  bronchioli  diif@r§?  sine®  they  {£yoa  point  0  on?  in 
tha  T&bls )  Tapping  tendencies  towards  iho  horlaonials. 

2y  applying  th@  tendency  curve  ^>p  the  partial**  jfadiai  r,  tie 
through.  atra&slag  i£s©  t  #  th®  tubs'1  radio o  )§3ron«hu3¥  bronchioles)  a, 
and  ■with  the  help  ef  MflUken*®  fosmla  quoted  absvo,  one  nay  eonciudo 
that  tha  probability  e£  parti®!®  deposits  in  the  tub©  1st 
#S9„  ^  ,  ‘  /> 

.  /  «?  "  /  -i-vtw  / 


X*  / 


}> 'i/t  V  Mit't*-  ?-B  ' - 


/?  '/r.  /# .  r?'i‘  r .  *-*  /  ^  / 

’  to*  pj/t-?  Wrl-' '**>■'  .  (“} 

It  has  been  a»«HSJa<r^Rfe~^SB''parbiei«»_apaT;Fj;Brid3i  ^^hapo^-And-that-. 
their  apaaifl®  tssighl  is  JU  As  f  e&nn©t  be  ealsuiated  singly  for  eveg* 
breasblu®  aad  taeldete  tktfc  its  eorresponding  value  €.'■.- >  •>  ,  at 
Avar*#®  value  ®a@t  fee  jentered*  fchieh  any  be  established  byt  * 

,  0®§p«  f"  j  £»  f  o  >Ml  *  fp  ■*  ^  6  ^ 

desses  i  will  he  «teM  fa?  the  trachea  (4)  sad  the  min  branch!  (3)j 
this  sorreepeefle  to  the  dorsal  length  of  the  btusua  body® 

fh©  psebsMUty  ef  se&ieenbAtio®  ia  the  Accused  spherical  alveol® 


Czfc-.»  v 


.sdth  the  mtas  of  e®@  J/l,  is  as  given  ia  equation  (Si*  seplaeiag  cos p 
®s  1|  a  is  sms  the  al v@@la®  radius#  probability  ?  for  deposits 
through  md&asatAt&an*  ecigulsted  by  e^Bstion®  (?)  and  (9}  ax®  giv®  is. 
,  table  5b  ,&s  tlsss  mm  say  &9  ma»  glvan  i»  fable  2  Above. 


e  gf  •  Bessalta  resulting  Sfcas  Ite&iiaentaitan 


S*Ca 

0*64 

w  *  ll 

0*0? 

0*6 

7.8 

67,0 

0601 

0.01 

OsCa 

'  0*0? 

■  0,7 

7.6 

67, 

O.ffll 

0,01  - 

0.01 

0.65 

4«5 

40.? 

Q.d 

0.04 

6*64 

0,10 

0.9 

9.0 

?3,3 

0.GL* 

Q,01 

0,03 

§,2// 

2.2 

2^,  is* 

100 

©cOl 

0*06 

0*3? 

3*6 

jo.  a 

100. 

XOQ 

0*01" 

©«S6 

0*36 

3»A 

23a? 

100* 

100 

0,13 

0.S$ 

4.3 

JA?§ 

10*3 

100 
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o)  Effect  of  inart la 

In  all  places  where  the  strean  is  subjected  to  direction  changes, 
the  suspended  particles,  depending  on  their  inertia,  execute  notion 
relative  to  the  surrounding  medium.  This  effect  is  evident  at  all 
forking  points  of  the  bronchi  and  bronchioli  during  breathing  result¬ 
ing,  in  a  certain  amount  of  particle  deposits  on  the  walls  in  the  in- 
mediate  vicinity  of  the  forking  points.  The  deposit  depends  on  the 
particle, size  (radius  r),  the  stream  velocity  (u),  the  direction  change 
angle  {(p )  and  the  tube  radius  (a).  With  the  aid  of  the  Otokea  formula, 
one  may  evaluate  the  path  S,  covered  by  a  particle  (spherical,  of 
mpdoific  weight  1)  relative  to  the  medium,  -u  -  j 

J  r  d*  \J4 •  ^  (p J  ^  ^^) 


/•Where  the^ constant  of  interval  air  friction  is:( 


VThe  ae posit'  'probability  ii 

/  —  y- 


when 


P  -- 


cos 


/ 

/  S7> 


7-7/ 


7- 


A- 


a 


,4l 


(n) 


(12) 


The  value  30°  will  be  given  for  the  Turning  anle  at  the  bronchi  and 

bronchioli  forking  points/^;  fa  i.t>  -1  C  . - —  -  i-  7  7r  , 

90°  for  ,the  passage  from  the  bronchioli  respiratorli  to  the  auctuli 
alveola rii  G-*?H  and  0°  for  the  last  passage  into  the  spherical 
scculi.  .This  was  fully  indicated  by  the  natural  circumstance.  Hie 
probabilities  P,  which  are  thus  obtained  from  equation  (110  are  given 
in  Table  $. 


Table  4. 

Deposits  through. 

the  effect 

of  inertia 

Lung  f 

Section 

r  -  O.^a 

A 

11 

11 

r  =  10n 
* 

&-B 

O.Olo/  ‘ 

o.nl 

7 

1.02 

/ 

11.4 

B-C 

0.023  *■: 

0.258 

2.31 

25.6 

C-D 

0.034 

0.372 

3.35 

36.7 

D-K' 

,  0.022  - 

0.248 

2/24 

24/8 

E-F  - 

QtQ16  ; 

Q,  17S. 

1.56 

17.3 

F-G 

6.002 

0.022 

0.20 

2.1 

G-H 

0.006 

0.066 

0.61 

6.6 

I-I 

«• 

_ 

>ackwards 

.  I-H 

»  • 

J  '  - 

H-G 

• 

- 

:  0.01 

0.1 

G-F 

0.001 

0.011 

0.10 

1.2 

F-S 

0.001  jf 

0.006 

0.06 

0.6 

E-D 

0.004 

0.039 

0.36 

3.9 

S&C 

0.008 

0.091 

0.84 

8.9 

C-B 

I>A 

•  t-v*  y* 

0.009 

0.007 

-*.**r*rr  * ;  v  j  "sgmggffa gs 

Q.lOi 

Q.031A 

0.89  9.3 

0.72  7.9 

(Rpmsecs .‘r‘i'7 rwsepiv’VTnjiv*?5'' ? 3?  w  »n  1  ...■  mmmm  .« »  r  - 

d)  Peripheral  offset 


A  fourth  occuraneo  of  deposits  of  articles  susi  ended  in  the  air, 
which  is  related  to  tho  forking  points  of  tho  bronchi  and  fcrrsnchioli 
juat  ac  that  discussed  above,  quantitatively  is  only  of  email  Im¬ 
portance,  however  it  ...uot  be  given  hare  for  the  sake  of  commie tonoss. 

It  is  always  of  importance  when  the  particle  sizes  compare  with  tho 
tube  distances* 

An  area  exists  near  tho  tube  vails,  in  which  the  existence  of  a 
suspended  particle  ic  impossible  (because  of  the  voluronuus  spread  of 
tho  particles)  j  tho  width  of  this  peripheral  zpne  is  equal  to  the  par¬ 
ticle  radiu3  *  A  curtain  number  of  tho  suspendo  :  ;  articles  cast  bo  de¬ 
posited  when  an  aerosol  enters  a  tube,  namely  as  many  ao  proportion¬ 
ately  fall  into  the  peripheral  zone.  Tho  peripheral  effect  depends  on 
tho  proportion  existing  botvoen  the  particle  radius  and  tho  tuba  radius, 
to  tho  supposition  that  the  peripheral  zone  of  a  tube  does  not  immediate¬ 
ly  change  into  the  following,  as  is  Justified  in  the  case  of  forking 
points  in  tho  lung,  tho  probability  for  paiicle  disappearance  at  tho 
forking  points  is  as  follows t 


P* 


(13) 


Table  5.  Deposit  caused  by  peripheral  effect 


Lung 

Section  ivli,  r-  3  *  r  a  10  v 


A-3 

0.05 

0.16 

0.53 

B-C 

0.10 

0.30 

1.00 

C-D 

0.20 

0.60 

2.00 

O-S 

0.27 

O.bO 

2.65 

k— y 

0.67 

2.00 

6.55 

F-G 

0.60 

2.39 

7.34 

The  radius  of  the  into  whffi$®the  aero3oi^£$not rotes  is  always  to 
be  substituted  for  a  •  The  P  values  according  to  (13)  are  given  in 
Table  5}  they  are  only  small* 

3.  Compilation  of  the  individual  data 


The  four  ooporate  proceedings  described  in  section  2,  all  take 
place  simultaneously  when  an  aerosol  enters  tho  lung,  and  tho  result¬ 
ing  of foots,  wlich  lead  to  particle  deposits  on  the  uull3  of  tho  lung 
tubas,  are  ad^cd  togehter.  Tubs  deposits  (Trachea,  main  bronchi,  etc) 
are  obtained  by  adding  the  effect  of  molecular  movement  and  sedimentation* 
Deposits  at  the  forking  points  (beginning  with  /the  first  bifurcation) 
arc  calculated  by  adding  the  effect  of  inertia  and  tho  peripheral  eftset. 
However  onu  must  bo  careful  when  using  the  percentages  given  tin  Table 
2  and  5  that  they  always  bo  100  %  particle  masses  at  the  area  in  question. 
Tho  deposit  of  particles  must  bo  studied  in  retrogressive  stops  in  the 
diminution  of  tho  particle  quantity  free;  the  Trachea  c n,  so  as  to  ob¬ 
tain  tho  true  distribution  of  tho  deposited  particle  quantities  of  an 
inhaled  aerosol  in  seporate  lung  sections;  tho  path  of  tho  aerosol  from 
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appears  for  the  greatest  ponetratim  probability  cosrary  to  l-x>rs  2 
b«@ays«  the  question  is  different «j 

i'he  saluting  values  h^va  b«?*ft  d eta rain ad  by  the  Ill  ;J  particle 
quantity  o£  the  aeeosci  at  the  pla.ee  of  entrance  into  the  Tradsoo* 
busing  research  end  obasevctlcn  of  living  esa,  in  this  esi-.naet.ion  the 
important  question  will  be  to  eccqare  tfco  deposited  particle  quantities 
in  the  asperate  Mg  section*  to  %U&  p-rticl‘»  qi.-fiti.ty  (density  of  the 
sissroaoi  outside  the  huoan  bo&y'te  However  this  question  d-*}®  not 
differ  greatly  iron  that  treated  horej  for,  as  c  -n  easily  ha  recognised 
by  the  above  data,  only  a  Halted  deposit  t-dwes  flo.ee  with  snail  p-p» 
tides  is  the  throat  end  the  larynx!  en  the  other  herd  the  largo  Uro/s 
which  deposit  thcasaivas  in  the  throat  and  lvryrut  in  visible  qu.intiti.8S, 
"S^T“ ®Sy '^13a»tlenL(»pbrt«ae«  forlung  inhH.itlon * 

In  oennssti&rt  with  the  resulting  value  on®  should  Kantian  that 
naturally,  the  original  simplified  hypotheses,  sna&t  at  the  beginning 
of  the  calculations,  ©oaeoroiag:  the  plan  of  the  bronchial  tree  and  the 
breathing  process,  is  no  toy  diminish  the  high  accuracy  donwnd  of  the 
number  value®  (the  ssultiple  figure  resutls  of  the  nurawr  vulvas  will 
only  offer  opportunities  for  esaapariaca)  but  on  the  coatr  ->rj  the  es¬ 
tablished  order  of  a^gpltudc  of  the  iissuaaed  processes  will  not  be 
disproved  hj  the  results*  She  fallowing  should  be  observed:  The  re¬ 
sult  calculated  for  th*s  34  particles,  that  absolutely  no  penetration 
and  deposit  casus*  is  tbs  eaecdll  elveelasli$  is  actually.  not  correct j 
tS»  average  angle  tendency  of  the  duotuli  slveolariA  aceepied  in  the 
eslculutioas  for  iediasrttay.cn  is  certainly  ©acceded  in  part,  so  that 
&  soaplete  deposit  of  m  dess  net  result  in  the  ductuli  and  t 

that  ssperat#  ^^asticles  penetrate  the  saeeuii*  Similar  suall  in¬ 
accuracies  say  still  at  ©th®r  places*  in  v«rp  -stricted  nu...b®rss 
‘M  most  observations  this  fcili  play  sc  quantitative  p-ri*  - 

4©  £*p®rl»e«ial  Test 

fixperioeatel  research  wee  to  shew  -whether  the  data  reached  by  the 
'  above  oAleulatisos  was  generally  is  agreement  with  the  true  facts,  fur* 
th®r  mm  It  was  to  be  established,  whether  actually  ©no  ©f  tha  number  v 
values  reached  hero  m  the  basis  of  previously  given  particle  siaes . 

Ms  a  corresponding  portion  in  the  respiratory  ssdticn  of  the  lung. 

An  aerosol  produced  by.  ducting  cf  a  table  salt  solution  was  used  during 
the  teats;  tha  particle  siass,  (which  siault-Jnaoualy  were  very  different 
la  nature)  sod  likewise  the  quantity,  in  which  various  particle  sices 
s»pp«arsd,  «»  Josswa  ©as  the  feani.s  ef  physical  y$.e»©&s*€h®  The  aerosol 
was  dram  through  the  lung  (as  fresh  as  possible)  of  a  large  atiiiaal 
(dog,  calf,  sh-sep)  fro a&  the  trachea  t©  the  bronehioll  teradnalos,  & 
wfci ah  were  opened  by  savoring  the  pleura  and  tha  greatest  r  *rfc  of 
the  alveolae*  The  drawing  through 'of  the  aerosol 'containing  Hr  was 
based  on  the  principal  of  autoaatie  lungs,  only  for  the  inhaling  dl- 
rsetieso  the  airstreaas  velocity  was  based  on  the  natural  ventilation 
vslsaltyo  Ths  a#rosal  density  (p&rtiole  quantity  pro  air  vsluaie)  was 
established  before  sad  After  ihs  passage  of  tha  aerosol  containing 
through  tha  long  by  neaas  of  quantitative  table  salt  analysis,  through 
use  of  a  gLass-woci  filter  to  catch,  the  aerosol  drops*  This  resulted, 
is  the  fact  that  a  drop^voluiss  ga&isM  through  the  lung,  which  under 
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consideration  of  tho  various  drop-sizes  or  the  aerosol,  coincided 
quits  pleasantly  with  the  above  given  calculation  data.  Tho  experi¬ 
ment  data  may  thus  be  used  as  a  support  for  the  above  given  theory. 

CONCLUSION 


The  area  of  application  of  the  theory  presented  hero  and  of  ito 
data  could  in  the  first  place  adapt  lung  inhalation  to  thorapoutic 
ends.  Figure  3  -  3  constitutes  simple  picture,  8 ho  wine  where  in  the 
lung  aerosol*  particles  are  deposited  depending  on  size  and  on  tho 
other  hand  allow  one  to  seek  the  particle  size  best  adapted  to  a 

cantraled  treatment  of  a  certain  lung  section,  or  the  most  appropriate 
Inhalation  haze.  For  example  it  is  not  naru  to  establish  th.-w 
haze  with  a  drop  radius  of  approximate  10**  is  least  suited  for  treat¬ 
ment  of  the  bronchi,  while  the  srop  size  Pc  Tis  well  adapted  to 
the  exclusive  handling  of  the  alveoli  (the  specific  weight  1  is  es¬ 
tablished  for  the  liquid  in  this  case.)  ,  . 

A  further  area  of  application,  with  one  could  orig.ma.L-y  only  deal 
in  theory,  is  the  problem  of  lung  contrast  filling  by  inhalation  for 
the  purpose  of  x-ray  diagnosis.  The  problem  has  been  worked  on  ex¬ 
perimentally  by  the  author  in  close  cooperation  with  Dr.  Leplin  (pre¬ 
viously  at  the  Barrabeck  Hospital,  Hamburg);  the  tests  have  given 
promising  results. 

SUM'JLBX 


The  quantity  of  suspended  particles  of  various  sizes  (*' suspended 
substances")  in  the  inhaled  air  which  is  deposited  in  various  sections 
of  the  bronchial  tree  was  numerically  calculated  on  the  basis  of 
physical  reflections  on  a  lung  plan  adapted  as  closely  as  possible 
to  the  human  lung.  The  data  shows  that  largor  particles  (radius 
"  greater  than  1CT$}  attach  themselves  to  the  muceous  membrane  in  the 
~  trachea  and  the  large  bronchi,  smaller  oue3  (radius  approximately 

on  the  other  hand  are  mostly  filtered  out  in  the  respiratory 
section  of  the  lung;  even  smaller  particles  (radius  between  0.1  and 
0.3^)  are  exhaled  for  the  most  part,  a  large  quantity  of  the  smallos* 
particles  to  be  considered  will  again  be  deposited.  The  calculation, 
results  may  be  considered,  correct  on  the  basis  of  experimental  cross— 
checking.  They  may  therefore  be  used  for  medical  purposes,  when  it 
is  a  question  of  choice  of  the  most  sitting  suspended  particle  size 
for  Inhalation  treatment  of  a  definite  section  of  the  broncnal  tree.  < 


Hctai  So©  original  article  for  all  figures. 


